(51)Int.CI. 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-164239 
(43)Date of publication of application : 07.06.2002 

H01F 41/02 

B22F 3/00 

B22F 3/02 

C22C 38/00 

H01F 1/06 



(21 Application number : 2001- (71 Applicant : HITACHI METALS LTD 

279656 

(22)Date of filing : 14.09.2001 (72)Inventor : TOKORO HISATO 

UCHIDA KIMIO 



(30)Priority 

Priority number : 2000280104 



Priority date : 14.09.2000 Priority country : JP 



(54) MANUFACTURING METHOD OF RARE EARTH SINTERED MAGNET, RING 
MAGNET, AND ARC SEGMENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method for manufacturing a high-performance 
rare earth sintered magnet that has a small 
content of oxygen, high density, and an improved 
degree of orientation as compared with the 
conventional one. 

SOLUTION: In this manufacturing method of the 
rare earth sintered magnet, R-T-B based (R is 
at least one type of rare earth elements 
containing Y, Pr contained in R is 50 atom.% or 
higher, and T is a transition metal containing Fe 
and Co) alloy coarse powder for the rare earth 
sintered magnet is ground minutely to an 
average particle diameter of 1 to 10 jim in a 
non-oxidizing atmosphere, and the obtained fine 
particle is collected into the non-oxidizing liquid 

for manufacturing slurry. In this case, the non-oxidizing liquid includes at least one 
kind of oil selected from mineral, synthetic oils, and vegetable oils, and lubricants 
comprising at least one kind selected from monohydric alcohol ester of fatty acid, 
monohydric alcohol ester of polybasic acid, fatty acid ester of polyhydric alcohol, 
and their derivatives. Then, the formation is made by the slurry, and the obtained 
forming body is subjected to deoiling, sintered, and then heat-treated. 
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#0.3%jSrWBr#s;*:S < iTL, o.oi%*$S-e«iW& 
ttRCJtiHc*i»»S«!i**s»e)*i)6:i». £<O0£ Lt>C 
u^r**0.05-0.3%-C#>£,, Co©^S&CJ;*JWA 

■WMtavsji-r sa*. c o 5 %«-ci*aam=ittt 

KW#&F e-Coffirt^JSRStt. *-5C>»R. (F 
e, Co) , 4 BtB**1&fo$tlXBrR&iHcifijz$<{& 

co . 5%*ffivim'&£R&ffim&<Dft 

ItftmW&btlfZiK J:oT, CoMlttO.5-5% 
3&sSf*L/C»„ C o£0.5— 5%R<y ; C u £0.01-0.3%^ 
Wr-5i#(Cl.lMk/m (I4k0e) jy±©^i&©iHo£f#e> 
ti5f2 ^f^Ma©ft=SSS^JJ:*i -5 $1* £ » 6 . ft 
ictt&HK A 1 £o.oi-o.3%^W3-ti££GftfiB;frfa 

fiByj©^«(t*fi*(Er-5Ci36i5i*6-C*-5. SfcNb^o.oi 
-o.08%#W3*St*IBilg'T?©*S»ia«dSfi*»W 
L. ffl^©^fiS*WiM^"-5Ci^r-#S„ ^FBJ»c^ 
W3n^ifl(J0.3%HT^SfSL<, o.2%U(T#J: 
WSK, o.is%«T^#(cW* L-c^o K*^W«4 

R*-Cl»at>4Ci3&S'r*S. R 2 Fe, 4 B^Hirfflfb^ 
WZmnt^&m^m&im&teP r 2 Fe, 4 B^ 
Mfaffc£<f3J©ffia&a?& (7.54Mq/cm 3 ) (Cifil^7. 50Mq/on 

3 a±j)mibtiz>„ x^ia{c^w3nsnsiai»o.io 

%«TWJK, o.o7%WT^J; { 3Wi 
*«©ffi«(cJ:0#±ffi^{b©J©^g^«l^6n > WSft 
#±ffiS*s^0. iHcRO"(BH)max^5:lS«?)-SC 

l>. aBR«3&*o.i5%*jB*SiBr*5^:*<fiT-r'S. * 
^©«5{c«S»©«lia!i (N i i*^^^) *i 

tsasn. mmticmztizw, r*^28-32%-c^o^ 

S«^o . 002- o . i5%© t * (eft 3 n 
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1 1 z m-mntwcmc j: k> ftti l tc h <D*m^x*mi<D 
ME*{tmLtcm&. Bif?e©iH C Ro'iatfi]iK^#^fcfe 
tc . mm&<D £mm*ioomm% tuca 

0.tM%JiTF (0£*$-f) iCjtp^^Ci^W^ u 
[0014] *^©#±S^M££E©«@:£&tCteW- 

& mi£&<Ddk®m*T^ifex x ^s^f* <t -r * ^ * 

*ffi, =fc 0 Sf £ L < «o.oif*«%«T©^tStt**x^H 

?*. i$mmRvmmm^miR2tiz>4>rj:< t& is© 

ft-r£„ BulBeS*&©^ifel»{$« 1 -lOam^WS L < . 
3-6 (imiUWSlO. ^filAH (tm*iiTB 
t*fr}©^»#*& < 1ST L , 10m mfirtiiHc&C* 
@2^J)g^*<<g;TT€» 0 @lRL/cX5'l-£>^)lf4 20 

©shuc j; -s e»#i±©^it£Pi±-r £ /c#>tc . 
&frhm&&xommm*xuu-$ z>c. ttmz l 

mm* mmt z ^±mK.m t l x ^±mm.\ m 

0-500"C. JE^Jgl3.3Pa (10" ' Torr) VCFXlOftmjL 

i&mm<Dmmumzroo~~ soo-cx $>n \t—& x$> &i#g 

l^aitftoti J;Ci 0 £/cl3.3Pa (10" 1 To 

rr) «Tr^?a^6 5oo°c £ rciiaajg^iO'C/^ 
c i tc J; o r *> <£ < firbft 4. 

[0015] at'^tt. Mixtiiftiftii/t. KttR 

O'fiRi^tt© .^.^ 6 . 3 50°CJi(T© & ©# cfc l > . 

3^ia©«ttS*«iocstWT©fc©*JJ:<. 5cstWT© 
&©#S£e>tC£?£LI<>. 

[0016] «t. lesswtc j; <o ttmivvm-zifi* 40 

(HJfeWl) Js*%t\ P r : 29.5%, Dy : 1.0%. 
B : 0.9%, C o : 2.0%, Ga : 0.1% C u : 0.1%& 

zm&: Fe a>6tt-sR-T-B*£&ffi»*. mm 

tyi-; h S'UWBWL. f#6ft/c^ti@4.0Mm© 

c ©M**'x#Hmcf x xmcf&riz c t & < & 

til (W^MiS (**> $1 ift&g : Httfexwc— yn,Rfc-3 
0) rtJtC@lKL.X-5l> --ft Lfc„ ftfe. ^*4{itiSvmpa 
tecttKU— y-iaWSlteS^ffl^K (Sn n D^S : - 50 
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PX - P- FX) tcj; «3«teL/c 0 ;Kl>-C|#e>tt/cX5 
'J-tcBFfjejKD^u-Otty^^jJSfloo. J: 
Dfi^L-fc. X5'J -©E£l*3f?*iiM2»t& : 70HS 

gp. mm : 29.9sasp. * u -y >bu *n> ■. o.iosssc 

t L/c„ C © X 5 'J - *Bf^©^M+ tKf^ tc&A 
L , idrSjSBti&ffi : l.CMV/m (13k0e) , mBKt) : 98M 
Pa (l.Oton/cm 2 ) ©^TttHSStSCBEM^^if C>. 15 
m m x 2 5 m m x iom m <D\M3iteVi<Df&ftM £Wc 0 £ 

/c gepsnfrrftjti 1 o mmia^i l/c c©^f*©a 

S3Sffi*3*fttfs^tcJ:0i>J«L/Co **». ffi&WDi 
5m m x 2 5m m ©®^±TMtc & ^> cfc *> IcMfUMWiSD 
^Atc-te y hi, iom m©2tc^tf tcflpJE L 3 *fltf % 
S^M^L/c *S^?:«ltC^-r o *fc|§I«tCb-OSRJK 
L*lSIJ©fiX^#£#^®ft66.5Pa (5X10" 1 Torr) , 2 

oo°c©<&ft--e3B$iwjirj38i utisiL. »-cia#HSW 
noso'C * r^s L . -Xi> -cioso°cr 2tmffi$ L r«i 
ML. -e©«^ia*r?^*PL/c 0 f#6n/c^Mf*^r;i/ 

3>lPHMrtJ"C900°C-C2B$RgttIf^L. /Xl^SIitft 
»t5Sfl»Si4tft.\ ^^-CT^d>#H«rtJ-C 

480'cri^iafln^L. ^c>r^s$-c<^p-rs»2^ 

*aa*TfC». ISjl0mmft©R-T-B*«Mg)»5*» 
/c„ f#6n/c«M«5*7mmfttcttIXL. fiSM^WJ 
I^^i Lfc„ >XtC, ^.U (20"C) tC*JC»-Cll.9M\/m 

( isokoe) <D><>ixmm*mmm*<Dm-ft 1 &tt5--ftfa<<c 
/m© ju x mm * Enfln l /c <t # ©i^t©% 3 ©s^ffi 

(47CI.,, ) ^r^, Kl^K* (Br/47CI. ax ) "C^« 
L. f¥«L/c *S**«l«C^-r. Xf#6ft/d£MKffi 

(HJi^2~4) :* W>^^JU©ftb*)tCX:rT 'J 
>K^^JU. 7i^fc'>Si>-/yf'>'l', X7-7'J>^2 

- x + u >\y * § ^ mua l /c « . mttm itm 

#tCLTS-3«©X5';-€:f^L/c 0 'J 
-*fflt>fcfeW«3lifi«l il^lttCL-CSR-T-B^ 
^e5*f1:«Li¥«L/c 0 tem^* 1 tc^~r o 

amm 1 ) * u-y >®m ^^*^»n#-rtc. ^ss^i 

L, ';-*ffll»fc«Wt^J6« 1 <h|BJ«tC 

LXR-T-Bmte&M&ZimummLtc, *S**JS 

i tc^-r 0 

(tb$5^2) tu-{>i^?-JWciit, HJ»S^i©x 
^ U - tc *\s 4 ;ur »u a - o . mMMmm L /c«n 
«H*SM 1 <tra«©^JIi-CR - T - B*«*S8»5*fP» 
OSFffiO/c. US*** 1 tC^To 

(tt$^3) tU-/>Kj'^l'{Cf;lt, HSg««|l©X 

mm 1 <tiai«©**-C R - T - BSSHgfi&EfcftSL-Sr' 
ffiL/c 0 M^^^ 1 tc^-r. 

<Jt««4) tu^s^?n.tcf«, HJi^!i©x 
5 l> -K»l> ^iu?:o.iaagp-^finL/c«^«iist^ 
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tt. ***** i «c^-r. 

<jt««5 ) tu^^wmt. mmwKDx 

^ >; ~{c-cv->bm * o . lMMS^fln L fc «M* 
SUfitfl 1 £PIfl©^IH^R - T - BjftMttW&fcftHL 
IMbrc. tt**&l fc^-r. 

c o o i 7 ] mmmKommimmmmm i (wmh 

Msjsttl) «clt^T**^»;#xj||£gLka^6raB** 

<B) r&o. onjc-coo-. - 

oh. >nh 3 ) . z&mivafttumz. 3frhWh 

2, 3-Cte(,vrftfcKrSjJg (Br/4K1.„ ) »|5l*fJg-C 
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S&Sfeffl 1 iCit^<Xttmm2, 3©iHc#ffiTX 

ti>5„ tb«w i ***Hicf st, asabfc«jt*i©» 
mtmmsnz. x, yarn*. 5 «©«£« 

*-COO-iL, «tt»4J©M{t**i«©^#^*^ 

l>»^{CttE|fiia[ ( Br/4 ic I. „ ) ©Sfc*#BS>€>ft& 

10 WW 3 ft*. — it«W5*>6. gSfbkSaft&ifi^ift 
^CttElftHS (Br/47CI.., ) *J#6ft£*>©©. «MS 
f*^Sft^tfjjn LX L SIM Hc©fiT^# I > C t ifit> 

[0018] 
t«l ] 







**** 

<«) 


(%> 


(BH)max 
(kJ/m *) 
(MQOe) 


iHc 
(MA/m) 
<kO*> 


mmm 

(wt%) 


ttJK 

(MPa) 


una 


twm 


17 


96.5 


377 


1.26 


0.067 


0.81 


i 


m 






47.a 


16.8 










17 


96.2 


374 


1.26 


0.067 


0.81 


2 








47.0 


15.8 






mmm 


V/ v > 


20 


96.7 


377 


1.27 


0.067 


0.79 


3 


f y* 






47.4 


16.9 






*** 


xmv 


25 


96.4 


375 


1.25 


0.068 


0.7& 


4 








47.1 


15.7 






itttfl 


*&» 




95.1 


361 


1.27 


0.065 


1*34 


1 








45.4 


15.9 










17 


96.3 


373 


1.20 


0.088 


0.34 


2 








46.8 


15.1 








fH* 


17 


96.0 


373 


1.18 


0.089 


0.37 


3 


?$> 






46. a 


14.8 






Jtfc*« 




1 


96.2 


363 


1.17 


0.066 




4 








45.6 


14.7 






it** 




22 


96.8 


378 


1.17 


0.093 




5 








47.5 


14.7 







[ooi9] kJLTt,cm<ommmt urffiMStt^t 
w«b^i6«*»wr-s. 

) «S%-C. X^dc#fflf3c# p r : 30 . 2 
%, Dy : 0.3%, C o : 1.6%, Cu : 0.1%. A 1 : 
0.12%, Ga : 0.08%, Nb : 0.18%, B : 1.0% R£>* 
»S F e *> 6 ft -5 R - T - B ^M*4^#flt& ( 320***7 
>r-) *BM5ifta3&» l ppdWT <fl»J£> ©7;i^># 
H^tf-rs^* » h s jHM*o. f^6ftrc¥^l&a3.5M 40 
moa»*ffli>3fc«j1-t33Ut« 1 ilSI1i«Cb-CX7 

*fMSLfc. C©X 7 ij - 1 ©X 7 ij -fj&gil5 

©Mf4£>^13fc3&*Lrc„ #;ic, x^';-«*&«6* 
J"J>#- (0**gHS) t?TP*3-tf, T-^-fei^-Or 
ffJtt©* tt'f^3 ©JSffiiS^firS ( T>< > ?■ 2 ©Xffi 

ia«i4g) -cff±3-a-fc. 'Xcc, s}<>^io*f3»3#r 

6*^";>^- (0^#Bg) -e*-f ff-^ 3©±J3HH${i 
■*-?-kJtU **\Z?4 3(C3T^jH©^^ y-*^E* 50 



B§) t?±»3tt+t^^ 3#>63l£Stt>rcf£. 

Tk^fa CC l . 0MA/m(13 kOe) ©ffir&) ESJS * EUJin L U ifi h ± 
>*Zs5- (S^Sfg) RCTF^->?-2(Ccfc0 9SMPa ( 1 ton 

/cm 2 ) ©ff^*an*r«ifiifliffi»ii8«*m>. T-i' 
•fe > h s»f5i**»fc. «^«IU60>| i i i38cc l r 

Mtee5**t*ffi©«Steia*ifls < & s * -cjrax l . ;x<-^ 

VW-mmK. 1 5 /im©x#+y#H^3-f^ >i/L 
fc0 3«C^-rJl*T, =2. 8mm. S$L, =80. 0mm, 

4>#e, =45° ©ww. graf^©R-T-BfiiT 

- i> -fe > h ffi530*t#fc. ttlXHU©mflB^W© L , 
^©S 0 » 1 mm*«X?*> 0 'hS < . 
le^lJS (Br/4 7C I max) 3&s^fr*o7c<, r-^-fe^^ 
> H^Me530©M*t±« T #rfil dteacctitSSit* 
ffij) (c#-^$ftn>5. Buiar-^-fe^ > he53o*^ 

6K*4*iJJ»)ab. »^*ftW^I"l©«««Ftt*S 

S(20°C)-Ci»JSbrcMm, KISJJS (Br/4 7C 1 1 i i ) 



(8) 
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= 96.8%. i He = 1.2 7MVm(16.0kOe);&c>'(BH) max = 378.1 * 
kJ/m' (47.5MGOe)it,^iSBt->ffi[^ff >=.nfc 0 X, 
7.54 Mq/m 3 (q/cm 3 )"C*0< ^Sfi«0.14S*%, 

mmmizo.omm%Ru : mmm.uo.o2WM%x;$>-otc<, 

X, i*!4*ffl : ¥:m^(^)*i©Xm[H|}ff*IHCRU-200BH)(C 
-fe >v I- 1> , 26 - 6 jft3Kfc(C <fc 0 XI8[b]#t (CuKal 
B : A =0.l5405nm£<igffl) OfcIS*. £JtcH*rfc:-? 
«itlr*-5R 2 T, « BS^ISIBHt^©, 2(9=2 
9.08" ©(004)ffi, 38.06° ©(105)®, &tK44.34° ©(0 
06)DB"C*0. (006)ffl^6©X|t[BlJfrt:--i 7 3&K : 1(00 10 
6)£l00%£ LT, I (105) /I (006) =0.66f*o 
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tt. em^^14^^[Sl©K[S]a[ (Br/4 7r I max) =9 
6.4—96.7%. iHc= 1. 23—1. 25MVm(15. 4—15. 7kOe), 
(BH)max= 376. 5—378. 8kJ/m 3 (47.3— 47.6MGOe)iC^ 
i«^ffim#14^*L. mmZ7.54 Mq/m 3 (q/cm 3 ) T? 

*>o. K**Eio.i3-o.i4*s%, ^mm»o.o6mM% 

SO £ ^3fl»«0.02-0.03S«:%-C , A > o/£ 0 X, HSfe^5 
©»^£IH«{COTX«Ua*rOfc*S*. I (105) /I 
(006) = 0.67— 0.68-C&O/C,,, 

dtwflue ) jt«w i ©xi7 -zmmmt vtdsm 
\mmm6tfflMicmmmfmmzmmv. t = i.o~ 

4.0mm©R - T - Bmffl&T- ? ?S > bffi&mi83& 

[0020] 
[«2] 





L , (mm) 


T , (mm) 


0 , r > 




7 2 


1 . 0 


5 5 


2 . 1 


4. 0 



[0021] «TiC7^r;us^tt*wrs, R-T- 

(Hap)^ft3ti:-C, JitelftiCgSLa = 65mm. 

2 = 2.5mm, 0 2 =40° RO'i3 ©rtS^WT&ia 4 © 

7yTJU^©B2|S]« (%) £©|»fl"-£Hia:l,fc. m& 

4Wt5Ci*bA^. 37., «307-i'tW> 
Stt^fnfcftftt (Hk/iHc) ^'87.5%e-C*f3, iHc 
«l.lM^/m(14k0e)®-C&fJ , ®?3ftS«:0.13— 0.14^*% 

ge*g«o.o5-o.o6«a%r*f3, ^*«o. 

003— 0 . 004fifi% f $>->tCc 

(mm i ) vam 1 ©* * - &jsjf?Mf4 £ u fctw 

«Ul5fe#17 £|l1*i©0tK£WT5^T-i>-tei>V> h 

[0 0 2 2] 
[*3] 



30 



F*?S (mm) 


Hap 
(kA/*) 
(K0e) 


can 


100 


708. 3 
8. 9 


92. 6 


50 


612. 8 

7. 7 


92. 2 


30 


461. 6 
5. 8 


91. 9 


10 


310. 4 
3. 9 


91. 7 



40 



50 



[0 0 2 3 ] &cc, ^y;U'J >^(DSgjfcWcot>-c8i 

(*«*J8) £S^HlJSfc#sP r : 27.4%, 

Dy : 3.1%, B : 1.05%, Ga : 0.08%, Nb : 0.2 
%, A 1 : 0.05%, C u : 0.13%, C o : 2.0%M1 
gPFe#>e>&£R-T-B ^MW^tH*& ( 320^7^ 
'-) *M3Rf««*s 1 ppn*« (ffcBUfc) ©7;W>»H 
»*"C^* * b 5JU»»L/, ff 6n/c^l4S3.8Mm 

ttf^ 59(#VX5lR^52<DrtS : 60mn, nT53<£#f 
S: 45mm, X^&tt^51(Dfi3 : 34mm, ?9W#£3 : 
34mm)&C2SW$g, fSMKt} 78 . 4MPa(0 . 8ton/cm 2 )M 
^^T^ffilCDffiffijaaig^a : 1^238. 7kA/m(3kOe)(D^ 

^S^#^66.5Pa(5XlO _ 1 Torr), 200*C(D^f£~T 1 
JJP^L/Httffif^ MC^-C^4.0X10' 3 Pa(3Xi0' 5 Tor 

r). io6o°C(D^#r 2 ^ttttfftaas r^iuu^# 
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m-fJ:-5CC. ft^LfciiriB^T^U >y70©ffi8©{fi: 
K#> 6 Slt^rSj 5 mmX S3 #|6j 6 . 5mmX ^ i? T fr-fjfal . 8 

ria5 ( b ) cc^o&HJ-rs, ^t;k/>^70©eN> 
*o^e.*^|6](Ci[^0PQ*?|< <> j&PttrtJBBBt© 

P{C4sW*«S»RPS*9l*. SaSlRRSOSSj&iSL^P** 
-WC0r5imtca:4J:5{Ct4. *«c, SMRRPStcSig 
iCiti^RT (S32.8nm) Rj>'fltD!£su (gS2.8mm) *?| 
<«, mmRPSicmficmM.ru (S3 5 mm) £31 

< . g^RSimcfc-tf *RPS^f|6lSD £ TU6'|Sj35S^ i?T^ 

UT© flH*^|Sl3&S-9 V T )l ') > if 70©g 3 t? h K) 6 . 5m 
m©SS«CflJ«3fflLfc. C©«J»)WO»««:J:»3#H-4 

fi©a:^f*^omL/7cf*. -etie.©Misi^- ^3t* 
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■*£*afl«-ftKJ:i>. Wieat£r{*©S« (20"C) ccte 
Vi^^iyT^^mm.W.W (Br//) . fiHBtfjiH 
c * .0- -a (BH)max& t>*ft Bbt (Hk/i He) £f 

Ufc„ Hk»4 7C I <«6ft©3fcS> -H (S5W©S£3) Ift 
*©*2*iE«:te«r»r. o.9Bricffl^^-^H©ffi-c* 
0, Hk?riHc-C^L/7cft^i;b(Hk/iHc)»4 7t I -H^SS 
10 tt«©*BJtJt**mUT:c»*. ^«C. MI5iL^f*©*a 
(20°C) CCtoW*S3^|6i©J«asSjR«S (BrD £«iN 

[ (Br//)/CBr//+ Brl ) X 100(%)]iC J: <0M^rT 
i>^iyr)l>)>if(Dii^lS.^!Sbtc a X7isT)l><)>if 
©*ffi*«J5£Lfc. -€-ti6©iW3£IS***4«:^. X 

mz^isTfr <) >i/(omm&ixo.i3mm%n$>K), mm 

7c. 

amm 8 > njs^i 8 ©x ^ >; - icwz.r . jhsot 1 © 
* 5 >; - 4c <£ f) 7 ¥T )iw.m$>i&B l tcVLmmmm 8 
20 tmmicv-cbtmffloi^isTtivyi/zftmL. mmv 
tc. ^m**4(c^-r„ 

[0 0 2 4] 
t«4] 





ft* 


Br// 


iHc 


(BH)aax 


(Hk/i He) 






(ir/V) 


(T) 


(MA/b) 


(kJ/it a ) 


(*) 


(%) 




(«/c» J ) 


(kG) 


(IcOe) 


(MGOt) 








7. 55 


1. 27 


1. 46 


303 


96. 4 


89. 9 


8 




12. 7 


18. 4 


40. 0 








7. 55 


1. 20 


1. 46 


267 


87. 1 


85. 2 


8 




12. 0 


18. 4 


35. 3 







[0 0 2 5 ] «4©|g«i0l8Riy : Jt««8©te»«t»). 30 
*#WJ«:j:*l«. 35IK#7.50q/an 9 fcLh. 5i^T^|6] 
&C&W£Br//#n.20T(12.0kG)J: 9iiS< . iHC#1.40My 
m(14k0e)ffi. (BH)max^270k3/m 3 (34.0MGOe).tLk. (Hk/ 
iHc)#S87.5%«±. R^^^T;L'^[6]©ie[S]|g*585.5% 

■j > if* mm? * * c i *s & . 

[0 0 2 6 ] (HStfll9) S2©fi5^tS©^-/X51,52 

Sl<>'3 r 53^©-=tffi*^fb $ tirr 5 i?77Hfc£rtt* wr 
zmm<)>if<Dftm^imzmtZi±, ^tjmhwb 

«^S(Hap)^r^^.fci^©Hap, fti^W(Cf#P>*lfc-5 ^ 40 
T^'^^rtMR^^^r^lSjOffi^Jg (%) ©M 

/J^ 3 < & s a fST-r -s . ^ ^ r ;u <) > ^©rts^ioom 

m©i *©H*»fiB6tBIS*ffl««Riyt3 -T ;KD^ft^(C J: 



0 716 . 2kA/m( 9 kOe)** ±m?$, o fc. B«iefS^<* U > ^ 
©rtS, (51-S=F f 3S+C8~20mm)) Ri^'Hap^^ 

ic^xm^xmrn. mm. iuh. flnxs^fflMa^tf 

lr\ «5 {C^rtS^fS«r*-r-S 9S?T7l- »; > y*fKR 

L/fc, ^5©c>-rtx©-5yT;u';>^^7> ; r^^rpj© 
i3l»lK*fl5C>£:i3&»t>3&»-6 0 X, ^-fin<D?isT)l<V> 
i?£>ftftZtt (Hk/iHc) »87.5%a-C*D. 1.3AW/mC14kO 
e)jffl©iHc£WU K^a»0.14~0.16Sa%-C* 0 . 
©e^*^0.04— 0.05fi*%T-* K> . ^^Sl*0.003— 0.0 

04fia%-c*o7c„ 

( tt$5Ffl 9 ) tfc«w i ©x ^ >; - zmmvt t l tci<m 
t*ni6#i9 1 mmc Lxms<D? isr k <) > i/wm 

U. ^T7U#|Sj©geftK*#a&/<:„ 
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[0028]i5J;D. #&W«:«fc*itf, I*3&#l00mm 

[0 0 2 9] (iHSSW 1 o ) tt%t, £g(£#«J«# 
P r : 30.2%, D y : 0.3%, Co: 1.6%. C u : o.l 
%, A 1 : 0.12%. G a : 0.08%, N b : 0.18%. B : 

l.m&vmMF efrttzR-T- Bmmn-SMm 
< i20'-y ,7>? -> zmm&m* i pphwt (mut) © 

amm i o) mmmi ooy^m^m^tc^mmmm 

HSW 1 0 RCKtbK^I 1 0 Tftm \stc*>*JT>\> y > i^* 

it«i,fc. *©*§*, njfemo© 
^ y r ;u y > ^©^e^s^tb^W io©7yr^'j> 

©7i>r ;i-^tt#^i*i©B2rsia©Mtc j;^ct^ 
SE3nfc„ x. ^ss^i) l o©5-^r;U';>^t*?g(*^* 

[0 0 3 0 ] «T«:SS^14*WrS, R~T~BfrM 

(3WSW 1 1 ) Sfi%r. £gfiS#«tf&&iP r : 29.5 
%, Dy : 1.0%, B : 1.05%, Ga : 0.08%, Nb : 
0.2%, A 1 : 0.05%, Cu : 0.13%. Co : 2.0%R.CK 
mffi Fe*6ft5R-T-B mmM&iM&ffi ( 320*s**7 

vr -> zmmimv 1 ppm*^ (f*ait) ©s*#bm 

cfJ-cy* v h3->M£S£U f#6nfcWI4S3.8Mm© 
«i»*fflt»fcfcli1-BSSIfi« i tumour x^ y — 
ssutc, i#e,nfcX7'j-t a 2 K^-TfS^©* + 

b'f^ 59{C5t*f*, f&BKt> : 78.4MPa(0.8ton/cm 2 )R 
O'l 0 0 V©^'.rt>Xl&i8r^#<t&SJ:^«#(£ff2 

^34.0X10" 3 Pa(3Xio" 6 Torr), 1060°C©^fr"C 2 B# 
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#hsi4j-c9oo°c-c i B#ra/m^«55o-c*T^*au, 
r 55o"cr 2B#wftn^ s e> jc^s t -c&ivt ^m^m* 

&30nmRW£3 11mm© 8 ffi©ffig;£f?fe£Wr Sffig^ 'J 

> ^tc±iB©ffi^^ y > ^'©^affi-e©^® 

lffl«f *8l5#aM5£-C* Siv X|g|el#Tffl©tsSf4£W 0 Hi 
U -e©l^l4 ; 2:a^«a( : »)^©X^liI^SIS(RU-200B 

H)(cH2^hu, 2 a - ei& : &mt.$: r >xmm%Ti'tc„ x 

^iSiCtJC uKalfi (A = 0.154O5nm) ^fflC^, >• -f 
X (^?^^>K) «$ia{Crt)«$nfcV7 KCj; 
DP&Sl-fc, ^=clU*rf-^«^tB-C*-SR 2 T, , B 
S^JUfSKb^J©, 2 0 = 29.08° ©(004)M, 38.06° 
©(105)IB, 44.34° ©(006)®T'*«) , (006)IS#> ?>©X 
3£HUfrfc:-i'&iK : I(006)£l00% £ Lt, I(004)/I(00 
6)= 0.33, I(105)/I(006)= 0.63-C*ofc„ ^§^4^6 

ic^-r 0 ^4j©b o «««iBt?©*fflfi8m«Ee*^-r. 
(tt«« i i ) mmm 1 1 ©x^ y -(c#^-c, tb$5^i 
l ©x ^ y -k <fc o ss^r^nsi^fiBWi4>RS^ l fc 

i i i u -cjt«w©sa^r y > l 
fc„ mmmmmi ltmmatMmi 1 
^©xi»iajf*tf&-ofc. *s***6 cc^-r 0 ^^c(5]ff 

t'-i'BIJIWl 1 iHl^-C*o/i:*i. 1(004) /I (006) 

= 0.32, I(105)/I(006)= 0.96"C*-ofc„ XflfTia®^^ 

y>^©K«*«o.i3*«%-c*o. mmm\to.o5mm 

^S«0.003SS%-C$>ofc„ 
[0 0 3 1] 
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[0032] m4(Dmmm 1 1 &umm 1 1 ©fe^i 

0. *»WKJ:ntf. ffi^^tt^rWL-, |gK#7.50Mg/ 
tn 3 (q/cm 3 ) lU±r$>t3, y > ^?Hfflt©»iH* 

^**fflfta-c«awofc (io5) H*>e,©xaag*rtr- 

^^S: I (105) t (006) B*^©X«?|BI5Tt-*8i 

IK: 1 (006) <b©Jt*#S, I (105) / I (006) =0.5 
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~~o . src * v > ?%mm-cz z c t s„ 

[0 0 3 3 ] «TtC^«s*t»teiiSL*IfiJ^— ^[SJCCBBlSlL 

tm^i^mo. stmLtcmmmzmw-rz. 

•/ 59(^-YX5iaD £ 52©F*3S : 60mm. 3T53©?HI : 45m 
m. # -< xmffi.Vkd!>51<D&Z : 34mm. ^E»8I3 : 34tmi)CC 
%mk. f&BE.t) : 78.4MPa(0.8ton/cm 2 J&CflHSia* 
[D]'s.--^[D](CicSJa^)K : ift238.7kVm(3kOe)£#>Wfcg; 

fc. B5Ccin-rj:$«:. ^Kt/cfiuSaWS^I* 

y>^70©£ft*ftCC?S-?T^ttiU Jg*#l«l5n»x 

woaitgss{cot,iri*05 (b) ccio^-r^o ¥ 

l£RPS*S I * . S^RPSCDS 3 P *tp,&cc L r 5 mm 

cc&s.fcSJc-rs. &{c. e^RPsCcSiBtciiMRT <g 

32.8nro) RC'fiiSSU (S32.8rmi) £3|< 0 &(C. ffl& 
RPSCC^tTCCfiltTU (S3 5nm) £31 <„ S^ff>Rsuric 

*jW 4 RPs^iaiS^Tu^ifii^WS^I* 'J > ^7mmu 
^isj-e* a . RT^isjte <to*su^ifii*^fS^l4 y > ^70 
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fi#{*£f3/c„ C ©stfrttK: J: 0 Tie©&&M#14£«'J5E 
L-7c. *Sg*tJ|l©WJI*i4y>^6lW3B^ffi 

m<DWK> m L£mct£i,>m&<DS.j;»z:W) m Ltc&. 
-en 6©&2nsi*-8c3 « Tte 0 **>■» rif 
n««ti». iiuieii:#f£©^i (20'C) cc*j^5Be[fir*i^] 
©sftsasmmsc (Br//> . mmtuHc, 

10 ^(B^maxa^ftff^h^k/iHc)?:*^^^ HWJ 4 7T I 
<»{t©3*i*> -H fll^©^2^|!SCC*3 

t>r. o.9Brfc+i^-rsH©fflr-*o . Hk^oic-cmotc 

ft^it(Hk/iHc)«:4 tc I -H«»ftiao«^tt*^L/r 

c»s. y«c. *ria6#(*©S8B (2o°c) 
faoynmwsmm. (bpd ^rnmk. i cBr//)/(Br//+ 

Br-L)xioo(%)] (CtOSStSWiSlt'J >^©ld 

fas****:, x^tf y > yom&zmiz Ltc 0 

^'©^*«0.13Sa%-C*0, ^*W0.05S*%-C 
20 *>0 . ^S««0.003M%-C4)o/i: 0 

<Jt«Wl 2) ^WfiMl 2©^7'J-(Cfit, ifc«W 

i © x 7 y - tc J: <o wMftfa^mm$*m> l tctw \tm 
mm i 2 i [sj«hc l> r tt««©w»*tt y > 
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[0035] mKDmmm 1 2 Rwit«« 1 2©#s*«t 

0. *Hf«{Cj;n«. ^Ig*57.50q/cm 3 «±. BEl^*(S] 
CC*J W -S Br//*1 1 . 30T (13 .OkG)J^± . i Hc# 1 . 3HW/m(16 . 
4kOe)fcJ±. (BH)max*^310kJ/m 3 (39.0MOOe)W±. (Hk/i 
Hc)#*87. 5%«±, SOeElfiI*lSl©Elfija&5i85. 5%«± 

[0 0 3 6 ] 

[^hj©^j*] «±ie^©iiO. *^(Dj;n«. 

IBlfilS^ i«ferci«ttSg©#±ffl^MSSS^ f# 6 ft 5 SIS 

o. iSc^^^mg^rWL. «£*tcJt^ri3iaiaf*jB;ee> 
r^a*tt*wr4j«ttte©R-T-B*«8*sr-i"fe 



^#fa©Befrg£«#/c. ?^T;ua*14*Wr-5Wtt 
#6© R - T - B j^BjAlf 'J > ^5*««-r s c £ #r » 

7C 0 

[0B©ftw«cmw] 

[0 1 ] *m*t<cm^zmimm<D-m*m-?&mM 

40 0-C*S„ 

[02] *!6"i{Cffli»SfiS^«<^0«*7n'r5S8«K 

[0 3 ] TtfM*tt*w-r^>*^Hj©r-i'-fey^> h 
ass©- « *^-r «aHT * % . 

[04] 7 yT^M^rWt I.*lli07 - f t i/^i 

[05] *^BJ© y > i^85©ff ffiffli*l4© «J K> m L 9 
«*aBWr-5*4«ia < a ) . 9gPKM0 ( b ) 

[06] »sw©fiffitf(?m*?n-ria'r*'5. 
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[ftffH] ¥fi£19¥3£lB C2007.3.1) 

[ & H #4§- ] # gg 2002-164239CP2002-164239A) 

[&H0] 14#6^ 7 0 (2002.6.7) 

[ ] #M2001-279656(P2001-279656) 



[jfttbB] 2pfifcl9^1^17H C2007.1.17) 

[IMl] R-T-BJ& (RttY*£'tr#±3R:7C*<*>4>$: < t t> lit* •? , R 
£*!>SP r a*50Jl^%Jt)l± -e*> ») > TJiF e XUF e %Jf C otM) ^)f±«t^I5 

)\<i_% i&MMo 1 ||7^3-ji/x7t #i 7 ;w n - w fl|fl& & ^ r- ^ *i £ <t> 

m*M2] mmmmm^mmit. (r-t-b*m») : (rnrnm) =99.9 

9~99.5M*g[S : o.oi~o.5M*^t fcfcttH 1 fcSB«<z>#±«*MStt5tf>« 

[11^3] *S%-e, R (RteY£^tf#±^7n|f<7>4>£ < <h 4> 1ST* *) , Ri: 
P r **50Jg^%jyi±-C*4) :28~33%^B : 0.8-1.5% 1 _C o : 5 %JiiT* (0* 
3-tr) u : 0.3%MT ( 0 XCmSB : F e <t>3E^J&5K * £ tffc^nTSitt^ 

MH^^tt^R-T-Bl CTjjF e XttF e &fljC o gj^SJ ifeTO^^^T- 

& y) , m&tf 1 - 4 nm*>*rtB*KfcBJ*3 ft, 5&«5& s 7.50 Mg/m 3 (g/cm 3 ) JSL±"C* *) 
, ^S^iS^Tl.lMA/m (I4k0e) J^±o^iS^;iHcJta f 96%JSL±(?>^f4#^-^|pI<7>ElRl 
ft (Br/4jr I,,*,) *tt*ii*!fiFStt£7-^-b^^Hfi5o 

[St#«5] g?* s 40~10C*niK^ftR^^^?tt^»^S3X{i4HfB«^T~ 
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m^me] (105) mfrbcoxUMtixtL - ?&f£ : I (105) (006) ®^£>?)X 
$UI!#t vf- : I (006) t<r>itmi)K I (105) /I (006) = o.5~o.8t&&SS*£ 

^a6^>P r ^50jgT-%JLU_hT*S) :28~33%^B : 0.8-1.5% i _C o : 5%WT (0* 
u : 0.3%J^T (0*^tp) SC^^plS I F e <7}±.??Ja£5K tffc^flTiftlKPF 
jttttfr-frfr-rSR-T-Bjft (Iii£ eXl±F z&VLQ &&mGfrh%*>T- 

flrffiT-^-fe^ > L^^l&K^t Sft&mfg*^0.3%J^T-? 

J&StU rt#**100miiJ^TT*> *) . Mg/m 3 (g/cm 3 ) ja_fC*> *) . SSKJsJt 

*««jtJlHc*«l.lMVm (14k0e) &_hT?*>*K Siafcistt* 9 v T n^fa 
(Br//) fc9^T;u^lftJ-*e**S*lft^5WB«*«* (Br_L) *K fa J& I 

[ CBr//)/CBr//+ Br x ) x 100C% )] *«85 . 5% ± T & & £ <h £ #ft i-T&T-^-t:^ 

9 ] ft * **40~10Oim^ftR^U^|ft 3 ftfc»*:£iXMt_fiLfc3B*<a T- 

[Itfiio] it%-e, R (RttY*-d-tf#±*7c3R^* < t ■? * R 

K£#&P r^50Jj§£^%J^±-T?&&) : 28-33%, B : 0.8-1.5%, Co : 5 %J^T (0 
*£-tr) , Cu :0.3%WT (0**tp) F e^Klfcfr, & £ tfKW 

#|>i»^tai?-T-Rl (Tt±F eXtitF eftCFC Q-e&fe) Ifei5^^^^> 'J 

flfriE'; >^a5o^**^ML^or^eg^^?tt^ms*^o.3%j^T-e$>i9, 

fltTfS U > ^!8©Jil*lg^l00nmJ^T"e* *) > 5v7«MtL, $EJ&7&<7.50 Mg/m 3 ( 
g/cm 3 ) fcLh"C**K SS<7)««[*1Ho&«l.lMVm (14k0e) J^_hT& «9 . SfiKJ3*t*>9 
^T>K&fil<a»ea*?&* (Br//) fc9^T^I^HwM*ft**lft<^»«»JK*aP (Br 
X) h^^Mt^WM^. : [CBr//)/CBr//+ Brx)Xl00C%)] 7) J 85.5%JLU±-e*^> i £ 

mmttmmB%] 0002 

[«jE<7)|*i#] 

[0 0 0 2] 

R-T-B^IigiS (R{iY*^tf^±^7n^<7)^^ < t & TMtaK*&*5) ti 

«9«jt3*l*o 1 0 - 3 0 3 0 0 8^-K3E#3 tl~C^2> X ? R<Diumt 

LTP r £ 5 0E^%W-hffl^^R-T-B^^#(iv^#^^^*PS^i5#-^xe>ff@e 

£*i<b<7)ffl*fefc*5V*T\ ^® a JK?£J&BrS3 j; j. * ;v ft (BH)max£ a *> fi 
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M&^Kffl^1-&iU7R^K{£#S*i&o «£ oTR-T-B^>£#^R^mrtWktKt: 

[*§IE*ri5.JS@£] 0 0 0 5 

[*SiE?)I*]#] 

[ 0 0 0 5 ] 

±mMm*m&Ltc*&w<Dft±Mm&ffi&<7)UMijmi. r-t-b^ (r(±y£^t 

&%i±M7uMcD/J>t£ < t 4> 1 <9 ^ R tc££>& p r 7^50^% J^± -C& ^ , TiiFe 

lflc^^t , I!JM<7) 1 tBT^n-;VJi^-r ^.^_^J^S^<7) l fGT^n -^J^T-JV^- 
ifimmmw<vmmii, (r-t-b^^m) : (shiso) =99.99-99.54*^ 

: 0.01- 0.54* £15 i:££|i£B-^&& £ fc**fif ^ L^ 0 RrfP r^^t^tNd^^II 
*<^fiM#t££[gl 6 K7jk-f 0 Ndm<7)R -T-BlJ±lM5«^tlia 1 3 OK 

<r> £ # & ^ 73 «BT tl-e * & o 
[«*&IE4] 

[MiE^^JSg^] 0 0 0 6 

miE^m\ MM 

[MIEeof*]!?] 
[ 0 0 0 6 ] 

X> *5&m<7>T-? -ty* y hffifili. R ( RfiY£^fr ^±317615 

< £ 4> 1 tt-e& 19 > R P r 73 s 50Jir^-%U±--e&&) : 28- 33%^B I 0.8- 1. 5% 

o : 5 %UT (0 ^r-^tf) u : 0.3%J^T (0 £^tf) ^O 5 ^^ I F eco^ffc 
5-, ^^^^^nr^l^^Mtl^^i-^ R -T-Bl (TiiFeXliFeiyC oT~&& 

Kftf L^oT®i5tJ^^-^r$ ti^^^*73 s 0.3%J^T-e^, 19 „ J¥<^^* 1 - 4 vmcoM^^t^ 
^^7.50 Mg/m 3 (g/cm 3 ) J^±-C& 19 , tSl^^Tl.lMA/m (14kOe) lik± 

LTg?75 s 40-100nin(7)^RTO^^^$ tLTt: 4>(7?^MiSBrfg-e^,-2)o ^Sfifal* 
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<n&MtzT-?*i>r * y hMfiK&^xtt, (io5) wfrh^xmrntir : i (i 

05) t (006) mfrt><DX$L®m^- : I (006) t<7)}tm*K I (105) /I (006 

) =o.5-o.8-e&& t v^#m^^o 0 

[#t£*SIE5] 

[HiE^a^g^] 0 0 0 7 
[ffilETffe] 
[ffiIE<7>I*l#] 
[0 0 0 7 ] 

^<HllT^>), R^£#£P r ^50]!^-%^^^^^) : 28-33%, b: 0.8-1 
.5%, C o : 5 %&T ( 0 £-^tf) , Cu: 0.3%WT ( 0 £^tr) S^fU : F e <7)± 
m&fr. &&O s lz*W[&#i7fzm.m*A#-t2>R-T-B& (TliF eXttF e&tFC o g 

ES^^L^oT^ic-g-^^tL^m^s^o.syomT-e^^ . ^fiar-^-b^^ > 

m5 1± 9 v T ^M^f^'tt-^ $ frfc T - * BrtB^tfifc^Jifc S *U rt^lOOmnJ^TT^ 
. ^J^7.50Mg/m 3 (g/cm 3 ) Jii.±T^ *9 . ^S.^i3^^i^a^iHc^l.lWm (14k0e) 
U±-C&>K ^SKj3Sj-& 9y7)^^^aSfiM (Br//) ^vTi^Cil^ 
SSTflfi^Mffiift^Jt (Br_L) t-C5E^-r^eeffi]J^ : [(Br//)/(Br//+ Br_L)XlOO(%) 
] ^85.5%W±-e&& Clt Mi:tSo 
frlfiT- ? -tr^ > h^fi, J?** s 1 - 4nnK^|*JBtK. S ^^(ig?^40~100mm 

[HIEttai^] 0 0 0 8 
[0 0 0 8 ] 

XM^'J>^15(t R (R(±Y£#if3?ir±3l7c|t?)^£ < <t 4> lit 

R ^^i6i> P r ^50JE+"%J^±-e*^>) : 28-33%, B: 0.8-1.5%, Co :5% 
LIT (0^-^tf) , Cu : 0.3% (o£^tf) : F e <03^J&#. ££0^ 

^DT^^]^M#i»^^i-^ R -T-Bl (TiiFeXliFel^Cot-l)!)) MIS^ 

^o.3%jiJiT-c* <9, ^OBfriev > ^aefiW^^iootmijiJiTT^ ^ . ^vr^m^'\^^ 

U ^^7.50 Mg/m 3 (g/cm 3 ) J^±-C& ^ , ^<75i£«&7JiHctfa.lMVrn (14k0e) W± 
1?&*K ^SlCio^^ 9 vT;V^[R]<7)^a^J^ (Br//) t 9 vT;V77[RmM&g£ 
TflPl^IgM^ (Brx) t ^£^-r^SefP]J^ : [(Br//)/(Br//+ Brj_)xl00(%)] 

^85.5%j^±-c^-?> c: t *mwit-tz> n 

[ffiiE^t^i^] 0 0 13 
[0 0 13] 

RTnlt LTP r Lfcf ±SlM5Tii, R 2 Fe, 4 B^MMffc^ (RJi 

Y£-g-tf#±3S7c|f<^& < t i> im~C& *) . RK£*fc P r a«5O0^%AU±-e£*) £ 
±fflt-ri>*i^, ±l?i«^, S*%-C. R : 28-33%. B -.0.8-1.5%. M, : 0 
-0.6% (M, liNb, Mo, W, V, Ta, Cr, Ti, Z r SO^H f frt~>M1R£ fc& 
tpta < t 4> H-e^s) , M 2 : 0 -0.6% (M 2 (iA 1 , G a&tfC u^kiHRSfta 
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< t i> im RVnfflF e ({fit, R + B + Fe +M, + M 2 =1004*% £ 

R«tt28-33%*«»i LV> 0 AJf*»A14**«iri-2>^*K:, R *ti 28-32% j&««t *) jf 
iL<, 28~~31%rf!%KU£ Lv^e R»^28%*m-e(i^f^<7)iHc^#^ti-f\ 33% jg-? 
tiB r a«*L < f&T-T&o It^B r SO^tM £#&££>&::, RliPr, XliPr^D 
y, XliN d tDytPr &0 { W>ilttR)jfc^£>&& i t ?Wi Lv*o SP^RK££>.g> 
P r £50fC^%JiJLL£ L, D y^tl*0.3-10%Cf£<?)^Jf i L^ e XRK&sb&P 
r *9QB(-7-%J^±t U D y#ti*0.5- 8 %Ht&^<t f L^ a R P 

r *«5ojp^%*}js-cttja[#^3(iajK#ia-c^ tr^sK^sH*^* 19 , < 

UTt^o D y^tl!» J 0.3%*jj|tl±D y W^S^fitLf , 10% jfi-riiBnWftT 

t m se w Sfi m * # <b ffi % v> o 

Blli0.8-1.5%^iL<, 0.85- 1. 2%*««t «J iff i LV» 0 B » #0.8% fil.lM 
A/m (14k0e) W±<7)iHc£#£i i#ffl$£-e$>^K Bf * s 1.5%ItiiB r^'f L<f£Tt 

Nb, Mo, W, V, Ta, Cr, Ti, Z r RCfH f <r>'pf£ < t *> 1 Ufr hft &Aift 
&&mjiMM 1 *0.01^0.6%&^&Z.hi)mW$&*miibZ>tztbKU$^ o M, £0 
.oi-o.6%^i-*ii:tJ: ij, jKjea^-ew±ffliBS3e^iiJKo«[Bfc«^«JJW?*L, l. 
IMA/m (14k0e) &±<7>1Hc££5g LT#£ i t #"e£ & 0 L#U M, £0.6% 
fcffiK±ffl*8&ti<7>iE#fc&)£g#|fiW3*L, Brc7Mfi:T£^<o XM 1 £■«#(). 01%* 

ffi -e f i e> *i v> 0 

M 2 Tuli (Al.G aS^C u<7)^£< Hli) <D&mmit0.01~-0.G%tflft i 
o A l <D^K X y) iHc#[R]±L, »:&'l45^efe#£*l&#, A 1 -^«#0.6%;@-e(iBr# 

A l^fr*te0.05- 0.3% -e&& 0 G aw^ti: «t >9 1Hcj&«|H*fcl5l±i-*J&*, Ga^ti 
*so.6%j@-e(iBrj&^§! (flTL, 0.01%^ri-eiiiHc£^^^^^^*#^ti^^ o J:«9$f 
iL^G a^«(i0.05~0.2%-e^,<g> o c u<7)^*v^n(iiif^:'r4^H$:#s.a : iHc<7)fp]±tc 

C u"&«7&<0.3%j@-e{JBra«:*:£ <ffiTL, O.Olyo^it'lWtttt^iHc 
*S5**«l***|»f>*L!fl:^ 0 «t ijjffi tv^c u^«{i0.05~0.3%-e^>i> o 

C o (O^K X V) m&te**&W2ti, * a. 'J -&a«±#U #±««!*&«5«>»art*a* 
fnJ_k1-&#, C o ^ti^ s 5 %i-eiil^#14i:tf ^ F e - C o ti, 
fiR 2 (Fe. Co) , 4 Bffi^'f^^tlTBrS.^iHc^^ <f£T-r«>o Co 
^tiii5%WtfiL^ 0 C o^^*^0.5%^^i:ii#^S.O f »^i4c7)fp] 

±Sb** s H^*L<fc^ 0 ioT, CoAtiliO.S-5%WUv>, 

C o £0.5- 5 %S.O f C u £0.01-0. 3% ^l"* § Cl.lWm (14k0e) Aa_hc75 ^?g.c7> 

A 1 £0.01-0.3%-^ tUffiJ}fa±K§J3.-rz>b b ^I^IfP>o 

§ ct 2>^a^^^Rj£i / S:M-r^ £. t *^r|g-C*2> 0 i 7t:Nb£0.01-0.08%^-3r£ « t 

fill -c B a H #i jA S £ WJ t > ffl.jz%L <r> £ jqumif z> £ t #"C # & « 

Wj&K^£*l£m3t«tt0.3%^T#fl : i L < , 0.2%aWl5ffH<> 0.18% 

«Ii-elJ!)KH ! T"H, R 2 Fe : 4 B^JRIW^»*±fflti-*ii^«iBf#?Jf 
HiPr 2 Fe: 4 B&mWIt&Vswmffimm. (7.54g/an 3 ) j£ ^ 7 . 50g/an 3 &±## 

x^mK&m2ti&!%mmteo.io%ickT&&i t < > 0.07% &t&x ^^lk *t 

BH)max^ £ U*b & i £ #-e § & 0 
X^&K^S*i&S^S{i0.i5%J^##f £ L^o ^^*^0.i5%£gx.i> tBr*« 

fflUffi^itS*^ R*^28-32%-e^o^^*^0.002- 0.15%cot iCfiill^lttt^ 
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OSBSSrfmLfcaHN Jlr£<&1HcR0 J Kfil&*#* MfBTO^MSSrlOOM* 
%fcLTCa^ti^0.1ii%WT (0***1*) l*^:H«iL<> 0.03M* 
%JttT (0**41*) K#P/t&- 4 L^ 0 

miEMm.mB%] 0015 
[MiE^fe] mi 

[0 0 15] 

[flliE#**S£] TO* 
[ffliEM^«B^] 0 0 3 0 

[|§IE<7>F*I#] 
[0 0 3 0] 

i i ) 

^J&frffiJ&^P r I 29.5%, D y I 1.0%, B : 1.05%. G a : 0.08%, 
Nb : 0.2%, A 1 : 0.05%, C u : 0.13%, C o : 2.0%&cm§£F e H44R-T- 
B&WM^&nn (320* y 5/3. TV «rK^*Jif*U ppne|ct« (-fcflt.lt ) <7)^H#B 

PH»(at^5'j-*ft*L/so »e>*ifc*?y H2 t^-r «a<7>^^tr^^ 59 

1:^11, : 78.4MPaC0.8ton/cm 2 )& 0= 1 0 0 V <p * %3»-Pfi^:fr 1&7Hfr-5- 

J: ^aii^^BL, «#*#^o BfeB^Sr*^J**^66-5Pa(5xlO- l Torr), 200 
t©M-e 1 ttMftDJft ^^T^4.0xlCr i Pa(3xlCr 5 Torr) N 10eOC^*#-C2 

w»tfit-e^PLM#^#^ 0 T;u=r>#H^-c9oac-eiB*iwijn» 

#:550<C 4 ~Ci$"£P L. ^v>T-550r^2B# t> USLS4 -C^iTT * SfcM£fro 

o ^cH3rSE^£»-iPXa, itCJ: «9 5 f^MJ?12^m^)i^^>'#fliim*3--r^ 
, ^@48rrm, ft^Omm&a^ £ lUmi(7> 8 iO^iM'J > ^*#^o 

CJ: *) xmHI^f L^o Xg»:l±CuK a lH ( A = 0.15405nm) y^fX (/*? 

R 2 T 1 4 BS^KWUfrfc-WO, 2 (9 =29.08° <7>C004)ffi. 38.06° 0(105)®. 44.34° 
OC006)M-C^^, (.O06)mfrh<r>X&L®Vi : 1(006)^100% LT, I(004)/I( 

006) = 0.33, IC105)/IC006) = 0.63-c*ofeo jg*«r^6 J-^1"o ^4><7> B o J±&MS3£-e 

(Jt«« 1 1 ) 

*ifc#!l 1 1^5'J-i:fx.T, Jtifcff!) lOX^'J-^-t 1 !) feU^'l^ ff ^ gjt&£j2 

iiwl/:Mi±»ji i tmm- LTjttfcM y ^^#tLto wm 

^1"o i«:ia«ftr-^»i*ift«l l^Wo/:^ I(004)/I(006) = 0.32, I(105)/I( 
006) = 0.96-e*o^ 0 XMlS^^j* 1 ,' >^om^«(±0.13M*%-e^)'9. R^* 140.05 

^*{io.oo3M*%-e*o^o 

[#igS*§iE 1 o] 
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[*&jE*J-4^B£] 0 0 3 2 

[itiE^fe] mm 

[0 0 3 2 ] 

M4co'Mmmi lRtf&mmi i<o^xy), ^WKxtm, mmw&zmL, mm 

&7.50 Mg/m 3 (g/cm 3 ) &±T-& , 0 > mfffl-C(^«ftW ^^^cS^g-CM^L 
/c (105) mfrhcoxmmtfr tf- : I (105) t (006) ffi^f><r)X^ia$Tt°- 

: I (006) t^JtW, I (105) /I (006) = 0.5-0.8T~&£>MJ^ttU >^*£$ttt 

[^MffllE 1 1 ] 

msEtt%.mB%] 0 0 3 6 
[miETjfe] mm 

[0 0 3 6 ] 

[H&0J!<7)3M] 

Jt T £ m %t £ A £ A 'M ct> # ± m ffi 5 £ # ^ *l & ft j£ ^ & *■ ft ft "T £ i ;&* T 

§ & o 

^#cXf*» 1*3 , gRftt^fffiJttXfi 9 yT^^tt^ttSiltt^ R - T - B ^ 
«§*g T - * -fc: > MS^ttn^t^lSo 

[^ttMIE 1 2 ] 

[*tiE*f-iL#3i£] B^«a# 
[ffiiE^fe] iijp 

[*tIEc7>|*i#] 

9 tt^^F, 10 yt°yy\ n 13 ?y?^ 15 30, 40 

r-^-t^ > 51 *->f *a&ttttsis, 52 ^>r^, 53 37, 59 ^et^ 

, 70 7V7^'J 
[#i£ffiIE 1 3 ] 

[ffiiEM^#0^] mm 
mmii&] mm 
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